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Abstract

Given its ability to induce both humoral and cellular immune responses, NY-ESO-1 has been 

considered a suitable antigen for a cancer vaccine. Despite promising results from early-phase 

clinical studies in melanoma patients, NY-ESO-1 vaccine immunotherapy has not been widely 

investigated in larger trials; consequently, many questions remain as to the optimal vaccine 

formulation, predictive biomarkers, and sequencing and timing of vaccines in melanoma 

treatment. We conducted an adjuvant phase I/II clinical trial in high-risk resected melanoma to 

optimize the delivery of poly-ICLC, a TLR-3/MDA-5 agonist as a component of vaccine 

formulation. A phase I dose escalation part was undertaken to identify the maximum tolerated 

dose of poly-ICLC administered in combination with NY-ESO-1 and montanide. This was 

followed by a randomized phase II part investigating the maximum tolerated dose of poly-ICLC 

with NY-ESO-1 with or without montanide. The vaccine regimens were generally well-tolerated, 
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with no treatment-related grade 3/4 adverse events. Both regimens induced integrated NY-ESO-1-

specific CD4+ T-cell and humoral responses. CD8+ T-cell responses were mainly detected in 

patients receiving montanide. T-cell avidity towards NY-ESO-1 peptides was higher in patients 

vaccinated with montanide. In conclusion, NY-ESO-1 protein in combination with poly-ICLC is 

safe, well-tolerated, and capable of inducing integrated antibody and CD4+ T-cell responses in 

most patients. Combination with montanide enhances antigen specific T-cell avidity and CD8+ T-

cell cross-priming in a fraction of patients, indicating that montanide contributes to the induction 

of specific CD8+ T-cell responses to NY-ESO-1.
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Introduction

Despite optimal surgical resection, patients with high-risk melanoma (i.e. stage IIB and 

higher) are at substantial risk of recurrence and death from metastatic disease. Phase III 

trials have demonstrated the efficacy of adjuvant checkpoint inhibitor immunotherapy (ICI) 

in prolonging recurrence-free survival in patients with high-risk resected melanoma (1,2), 

although acquired resistance to PD-1 blockade therapy has been identified in patients with 

melanoma. Such resistance has been associated with defects in the interferon-receptor 

signaling pathways as well as in antigen presentation (3). In addition, disease will recur for a 

fraction of these patients, and the optimal systemic treatment after failure of PD-1 

immunotherapy (both in the adjuvant and metastatic setting) remains to be determined. 

Effective immunotherapy combinations with checkpoint inhibitors, such as PD-1 targeted 

therapies, are needed in the metastatic setting. Collectively, although progress has been made 

in the treatment of melanoma over the past decade, there remains a need for the development 

of well-tolerated therapies with minimal synergistic efficacy without compounded toxicity 

for the adjuvant treatment of high-risk resected melanoma.

Though still in early clinical development, cancer vaccines are in general well-tolerated, and 

have already been safely combined with nivolumab in the adjuvant treatment of melanoma 

(4). Vaccines remain an attractive adjuvant treatment option to combine with checkpoint 

inhibitors, but vaccine trials in melanoma and other solid tumors have failed to demonstrate 

clinical efficacy, despite the induction of antigen-specific T-cell responses (3). The lack of 

apparent clinical benefit of monotherapies has been disappointing given both the evidence of 

cancer vaccine immunogenicity and the success of checkpoint blockade immunotherapy (5). 

One explanation is the failure to induce a sustained systemic immune response strong 

enough to overcome local immunosuppressive factors in the tumor microenvironment 

(TME). Incomplete Freund adjuvant (IFA)-based vaccination induces an inflamed 

vaccination site that recruits, functionally impairs, and eventually destroys tumor-specific 

effector T cell responses induced by anti-CTLA-4 checkpoint therapy, causing reduced 

tumor control (6,7). Thus optimizing the peptide/protein components in vaccine formulation 

as well as immunogenic adjuvants such as poly-ICLC and montanide can maximize the 

systemic immune response to cancer vaccines and increase therapeutic efficacy.
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Owing to the high tumor mutational burden, melanoma is the natural proving ground for 

cancer immunotherapy as shown by the early success of the immune checkpoint inhibitors 

ipilimumab (8), nivolumab (9), and pembrolizumab (10). ICI is believed to improve T-cell 

priming against tumor specific antigens, including shared tumor antigens such as the cancer 

testis (CT) antigens like NY-ESO-1, while reducing T-cell exhaustion and T regulatory cell 

frequencies/function in the TME (10,11). NY-ESO-1 directed immunotherapy has been 

safely tested in melanoma and other cancers, and NY-ESO-1 reactive T-cells, when 

adoptively transferred, can achieve clinical responses (12). CT antigens are a family of 

proteins expressed by gametes and trophoblasts as well as several tumor types, but not on 

normal diploid tissues. NY-ESO-1 is a 180 amino acid protein, which is expressed in 

approximately one-third to one- fourth of all melanoma, as well as other solid tumors, and in 

up to 80% of synovial carcinomas (13,14). NY-ESO-1 expression can spontaneously induce 

strong humoral and cellular CD4+ and CD8+ T-cell immune responses (15). This CT antigen 

has been used in vaccine preparations emulsified in water-in-oil emulsions, encoded in viral 

vectors and incorporated into virus like particles, and with various adjuvants, such as IFA, 

with or without adjuvant immunomodulatory cytokines or TLR agonists (15–17). Although 

short NY-ESO-1 peptide vaccines offer advantages of immunogenicity and easy production, 

they are limiting in their potential use by their HLA restriction requirements. Moreover, if 

the initial selection of the peptides is not optimal, peptide vaccines can give rise to responses 

against cryptic epitopes not representative of the naturally processed NY-ESO-1 protein 

(18). For these reasons, vaccination with the full length NY-ESO-1 protein or synthetic long 

peptides, in combination with adjuvants has been considered more likely to generate a 

clinically meaningful immune response. Arguably the best formulations in terms of eliciting 

immunogenicity are those that incorporate NY-ESO-1 long peptides or proteins with TLR 

agonists and montanide (19–21). These studies by our group and others have demonstrated 

that montanide is a vaccine adjuvant and that the combination of TLR agonist with 

montanide potentiates immunogenicity, however, the immunogenicity and the optimal 

adjuvant TLR agonist has not been characterized.

Poly-ICLC is a synthetic Poly-IC (TLR3 and MDA5 agonist) that can induce tumor-specific 

natural killer (NK) cell, cytotoxic T lymphocyte (CTL), and NK-T cell mediated immune 

responses (19,20,22–24). In murine models of glioma and melanoma, poly-ICLC was shown 

to be an effective adjuvant to prime antigen-specific CD8+ T-cells and prolong survival (25). 

Although several clinical trials in various advanced solid tumors have demonstrated that 

repetitive injection of poly-ICLC alone, in the absence of exogenous tumor-specific 

antigens, elicits an antitumor immune response (26,27), injection of poly-ICLC alongside 

overlapping long peptides (OLP) from tumor-specific antigens into ovarian cancer patients 

induced both humoral and cellular immune responses (19). Montanide and poly-ICLC have 

distinct and synergistic effects in the induction of NY-ESO-1-specific immune responses 

when combined with tumor-specific overlapping long peptides (20). These results suggest 

that poly-ICLC may be an ideal adjuvant for human cancer vaccines.

In this phase I/II clinical trial, we evaluated the safety and immunogenicity of vaccination 

with the full-length NY-ESO-1 protein and poly-ICLC with or without montanide in patients 

following resection of high risk melanoma. We found that NY-ESO-1 protein and poly-ICLC 

induce robust humoral and cellular immune responses specific for NY-ESO-1. This 
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immunogenicity, particularly in the CD8+ T-cell compartment, is more pronounced when 

combined with montanide.

Material and Methods

Study design, patients, and treatment plan

This trial was conducted in patients with high risk melanoma, who provided informed 

consent prior to any research activities. The trial consisted of two parts: 1) A Phase I open 

label dose escalation study of poly-ICLC (Hiltonol®:Oncovir) as an adjuvant for NY-ESO-1 

protein (Ludwig Institute for Cancer Research-LICR) vaccination 2) a randomized Phase II 

trial in which patients were randomized to subcutaneous (s.c) vaccination with NY-ESO-1 

protein with poly-ICLC alone (Arm A) or NY-ESO-1 protein, poly-ICLC and montanide® 

ISA-51 VG (SEPPIC, Inc) (Arm B) (, Supplementary Fig. S1). This study was conducted in 

accordance with the Declaration of Helsinki and was approved by the NYU Langone 

Medical Center as well as Mount Sinai Institutional Review Board (NYU#09–0007/

MSSM#13–1391)). The primary endpoint of this study was safety of the vaccine regimen; 

the secondary endpoint was evaluation of induction of NY-ESO-1-specific humoral and T-

cell responses. Patients with fully-resected and histologically confirmed melanoma 

[American Joint Committee on Cancer (AJCC) stages IIB, IIC, III or IV] were eligible. 

Tumor NY-ESO-1 expression was assessed by immunohistochemistry as previously 

described but was not required for eligibility (28).

In phase I of the study, the safety of the different doses of poly-ICLC were assessed in three 

cohorts of 3–4 patients each. Patients received poly-ICLC at escalating doses (0.35 mg-1.4 

mg), in combination with 100 μg NY-ESO-1 protein emulsified in 1.1 mL montanide. We 

established 1.4 mg poly-ICLC as the highest tolerated dose without dose limiting toxicities 

(DLT) (Supplementary Fig. S1). In phase II of the study, patients were randomized to 

receive s.c. vaccination of 100 μg NY-ESO-1 protein with 1.4 mg poly-ICLC alone (Arm A) 

or with 100 μg NY-ESO-1 protein with 1.4 mg poly-ICLC and 1.1 mL montanide (Arm B) 

(Supplementary Fig. S1). Study arm assignments were unblinded after completion of the 

study and immune monitoring.

Blood samples

Blood samples were collected at baseline and day 1 and 8 for Cycles 1 and 4, Day 8 for 

Cycles 2 and 3, and up to 4 weeks after the fourth vaccination for assessment of humoral and 

cellular responses. Peripheral blood mononuclear cells (PBMCs) were isolated from 

heparinized blood by Ficoll centrifugation and frozen using pooled human serum (90%) and 

DMSO (10%). Plasma from each time point was also frozen.

Humoral responses

Patient plasma samples were analyzed by ELISA for seroreactivity against recombinant NY-

ESO-1 protein (1 μg/mL) as well as three individual OLPs (68-mers, 1 μmol/L each; 

Multiple Peptides Systems, San Diego, Ca) covering the NY-ESO-1 sequences as previously 

described (29). Synthetic long peptides were used to confirm specificity for NY-ESO-1 

plasma antibodies and for approximate epitope mapping (Supplementary Table S1).
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Titers >100 were considered reactive and specificity was determined by comparing reactivity 

to control antigens and to the NY-ESO-1 peptides, and changes in titers were considered 

significant if >4x between time points.

T-cell responses

T-cell responses to NY-ESO-1 protein were evaluated after in vitro stimulations (IVS) with 

OLPs pools of NY-ESO-1 peptides (JPT Peptide Technologies, Berlin, Germany). IVS were 

performed with some modifications to a protocol described previously (30). PBMCs were 

thawed and cultured overnight in 5% PHS (Valley Biomedicals, Winchester, VA) in RPMI 

(ThermoFisher Scientific, Waltham, MA), then CD4+, CD8+, and CD4− CD8− fractions 

were isolated by using Dyna beads (Life Technologies, Carlsbad, CA). Each fraction was 

then resuspended in PHS/RPMI containing 10 U/mL IL-2 and 10 ng/mL IL-7 (both from 

R&D Systems, Minneapolis, MN). CD4+ and CD8+ T-cells (5 × 105 −106 cells/well) were 

co-cultured separately for 14 and 20 days, respectively, with APCs (CD4−CD8−) pulsed with 

pooled NY-ESO-1 OLPs covering the entire NY-ESO-1 protein (1 μg/mL each).

On Day 14 or 20, T-cell cultures were re-stimulated with the same pool of OLPs, or control 

peptides (MOG, CMV, and PMA/ionomycin). Additionally, epitope mapping was done by 

stimulating cells with individual NY-ESO-1 peptides. For all intracellular cytokine staining 

(ICS) cultures, cells were incubated with peptide for 1 h at 37°C and then BD Golgi Plug 

and GolgiSTOP (both from BD Bioscience) were added for an additional 5 h. Cells were 

then stained for CD4, CD8 (both from BD Bioscience, San Jose, CA), and Live/Dead Violet 

(Life technologies, Carlsbad, CA), fixed and permeabilized with BD Cytofix/Cytoperm 

solution and stained for CD3, IL-2, TNF-α, and IFN-γ (all from BD Bioscience). Flow 

cytometry was performed in a LSR II or BD Fortessa flow cytometers using FACSDiva 

software, and data were analyzed using FlowJo software (TreeStar).

NY-ESO-1 presentation by monocyte-derived dendritic cells

PBMCs were expanded with NY-ESO-1 15–16 mer OLPs (1 μg/mL) with some 

modifications as described previously (31). Fresh complete RPMI medium containing IL-2 

and IL-7 was used, and medium was replaced every 2–3 days. On day 12, cells were re-

stimulated with serial concentrations of NY-ESO-1 peptides (peptides 5, 7, and 17) (1 μM-1 

nM) and BD Golgi Plug and GolgiSTOP were added for ICS. Alternatively, CD14+ 

monocytes (positively selected from PBMC using a MACS system (Miltenyi Biotech, 

Bergisch Gladbach, Germany), were used to generate MoDCs with GM-CSF and IL-4. They 

were pulsed with NY-ESO-1 OLPs, thoroughly washed and co-cultured at 1:10 ratio 

(DC:PBMCs) with PBMCs. The co-cultures were expanded in vitro for 10–12 days and then 

re-stimulated with NY-ESO-1-pulsed MoDCs at 1:10 ratio. ICS was performed by flow 

cytometry as described above.

Immune cell infiltration at the injection site

Skin biopsies were obtained at cycle 4 day 8 (C4D8) (four punch biopsies per patient were 

taken from two different sites: 2 untreated skin (control) and 2 treated skin, for immune cell 

infiltrates). Skin biopsies were stained by hematoxylin and eosin (H&E) and examined by 
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two pathologists who were blinded to the patients’ clinical data. CD3+, CD4+, CD8+, CD11c
+, and CD20+ cells were counted in 10 high power fields per section and reported.

TLR3 polymorphisms

Coding sequences were obtained from PBMCs using PCR and Sanger sequencing of 

germline DNA. Primers were designed to cover the coding sequences plus at least 10 

nucleotides in the intron region on both ends. Primer extension sequencing was performed 

by GENEWIZ, Inc. using BigDye® version 3.1 (ThermoFisher Scientific). Both forward 

and reverse strands were sequenced. The reactions were then run on the Applied 

Biosystem’s 3730xl DNA Analyzer. The sequencing data were analyzed with Lasergene 

SeqMan software (DNASTAR) to detect the mutations compared with genomic DNA 

reference sequence.

Statistical Analyses

The two arms were compared with respect to CD4+IFNγ+ and CD8+IFNγ+ production by 

ICS at each of the different time points analyzed by the Wilcoxon-Mann-Whitney test. 

Immune cell infiltration at the injection site before and following treatment was assessed for 

specific markers of immune cells (CD4+, CD8+, B cells, and dendritic cells) by the 

Wilcoxon signed rank test, and the two treatment arms were compared for immune cell 

infiltration post treatment by the Wilcoxon-Mann-Whitney test. All statistical tests were 

two-sided at the 0.05 level of significance.

Results

Patient characteristics

A total of 10 patients were sequentially enrolled into three cohorts of phase I of the study, 3–

4 patients per cohort (Supplementary Fig. S1). In each of the 3 cohorts, vaccine cycles were 

repeated every 3 weeks for a total of 4 cycles. Of the 10 patients in phase I, 8 were male, and 

most patients were AJCC stage III, with half of the patients at stage IIIC (Table 1). In phase 

II, 25 additional patients were randomized to arms A or B; the majority of these patients had 

stage III disease. Across both arms, patients were balanced with respect to age, sex, and 

stage of disease. Per protocol, patients were allowed prior treatments, and a minority of 

patients had been treated with adjuvant interferon and/or adjuvant external beam 

radiotherapy (Table 1). Expression of NY-ESO-1 in the resected tumor was not mandatory 

for study entry; specimens for immunohistochemistry (IHC) analysis were available for all 

10 patients in phase I, and 23 of 25 patients in phase II; 2 patients in phase I and 5 patients 

in phase II [arm A=3, arm B=2] had tumors that expressed NY-ESO-1, which is consistent 

with the literature (28).

Safety

All 35 patients enrolled on the study were evaluated for safety. In phase I of the study, one 

patient was replaced due to disease progression before treatment; in phase II, one patient 

experienced uncontrolled pain resulting from spinal stenosis prior to initiation of injections, 

and was replaced. One patient voluntarily withdrew from study after Cycle 3 study drug 

administration.
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The most common grade 1 or 2 adverse events were injection site reactions, with pain being 

most common (92%) followed by erythema (76%) and granuloma formation (64%). Most 

patients experienced constitutional symptoms, most commonly fatigue (72%), but also 

fevers/chills (62%) as well as myalgias (52%). Less common adverse events included: 

arthralgias (20%), headache (32%), and upper respiratory symptoms such as cough (20%) 

and congestion or coryza (20%) (Table 2).

No dose-limiting toxicities were reported in the phase I dose escalation. A single grade 3 

serious adverse event (SAE) (v4.0 NCI CTCAE), new-onset stable ischemic heart disease, 

was recorded in one subject in phase II (Arm A). This event was deemed unrelated to study 

drug, and this patient completed all treatment interventions and both follow-up visits. There 

were no grade 4 or 5 adverse events. No adverse event led to study discontinuation. Six 

patients (1 in phase I, Cohort 1, and 5 in phase II, arm B) had disease recurrence while 

receiving treatment and were taken off study as per protocol.

Survival analysis of the phase II cohort revealed that at a median follow-up of 38 months, 

ten (40%) of 25 patients remained recurrence-free (Table 3). An additional four patients 

were rendered surgically free of disease, comprising a total of 14 patients (56%) who were 

alive without clinical evidence of disease.

NY-ESO-1-specific humoral response

All patients developed antibody responses to NY-ESO-1 protein regardless of the dose of 

poly-ICLC (Fig. 1A and Supplementary Fig. S2A). Most of the patients seroconverted after 

receiving the second or third vaccine. Antibody titers were not significantly different 

between patients in arms A and B at screening and cycle 2 day 8 (C2D8); however, patients 

enrolled in arm B developed more NY-ESO-1-specific antibodies compared to patients 

within arm A after 3 or 4 vaccines (Fig. 1A and Supplementary Fig. S2B). Pretreatment 

antibody responses to NY-ESO-1 were detected in 3 of 25 (12%) of patients (arm A= 2, arm 

B= 1), and all 3 patients showed substantial increases in antibody titers after vaccination 

(Fig. 1A). Only 2 of 5 patients whose tumors expressed NY-ESO-1 had pretreatment NY-

ESO-1-specific antibodies (one in each of arms A and B).

For fine mapping of epitopes recognized by vaccine-induced NY-ESO-1 antibodies, ELISA 

was performed using 20-mer OLPs covering the NY-ESO-1 protein (AA1-AA180) at the 

peak of antibody induction (Cycle 4). NY-ESO-1-specific antibody responses induced by the 

vaccine were detected mainly towards three regions covered by the 20-mer peptides: 11–30, 

91–110, and 101–120, in both arms (Fig. 1B and Supplementary Fig. S2C). Consistent with 

previous results, most of these antibody responses mapped to areas which correspond with 

the N-terminal and central regions of the NY-ESO-1 protein (29).

NY-ESO-1-specific T-cell responses

NY-ESO-1-specific cellular responses were determined by IVS and flow cytometry analysis 

(Fig. 2A) in 12 and 9 patients within arm A and B, respectively. Prior to vaccination, NY-

ESO-1-specific CD4+ T-cell responses were detected in 5 of 12 (41%) patients in arm A and 

2 of 9 (22%) of patients in arm B; vaccination significantly increased CD4+ T-cell responses 

in patients within both arms, 10 of 12 (83%) patients in arm A and 8 of 9 (89%) patients in 
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arm B (Fig. 2B). CD4+ responses at follow-up were significantly higher than at baseline for 

both arm A and B (p=0.034 and p=0.018, respectively) (Fig. 2C). In patients who developed 

T cell responses, NY-ESO-1-specific CD4+ T-cell responses were detectable after the second 

and third vaccination (Fig. 2C). After vaccination, NY-ESO-1-specific CD8+ T-cell 

responses were detected in 1 of 12 (8%) patients in arm A and 3 of 9 (33%) patients in arm 

B (Fig. 2B), with an increase in IFN-γ production seen mainly in patients treated with 

montanide (Arm B) (Fig. 2C). Patients with both antigen-specific CD4+ and CD8+ T-cell 

responses had antibody titers at least 3 times higher than in those who did not achieve 

significant CD8+ T-cell responses. In addition, both CD4+ and CD8+ T-cell responses were 

polyfunctional since T-cells secreted INF-γ, TNF-α, and/or IL-2 (Supplementary Fig. S3). 

Overall, our data indicate that montanide increases immunogenicity, inducing an earlier and 

more robust CD4+ T-cell response, and promoting CD8+ T-cell immunity in a fraction of 

patients.

Recognition of NY-ESO-1 protein by vaccine-induced NY-ESO-1-specific T cells

Vaccination with peptides may induce peptide-specific T-cells that are not able to recognize 

naturally processed antigens. We therefore assessed the quality of recognition of NY-ESO-1 

by NY-ESO-1 protein-induced T-cells. Previously, NY-ESO-1-specific T-cell responses were 

determined by performing T-cell assays with OLPs covering the entire NY-ESO-1 protein 

(Supplementary Table S1). We found that most of the patients showed T-cell responses 

against peptides 5, 7, 15, 16, and 17, located mainly in the central and terminal regions of 

the protein (AA21–180). Based on these results, PBMCs from patients who showed T-cell 

responses against peptides 5, 7, and 17 (peptide 5= AA81–100, peptide 7= AA119–143, and 

peptide 17=AA161–180) were cultured in the presence of NY-ESO-1 OLPs and re-

stimulated with serial dilutions (1 μM-1 nM) of NY-ESO-1 peptides. CD4+ T-cells from 

patients in both arms exhibited a wide range of avidities to each NY-ESO-1 peptide, with the 

highest avidity to peptide 5 (AA81–100), and consistent with the cellular responses observed 

to whole protein, the addition of montanide increased responsiveness to individual NY-

ESO-1 peptides (Fig. 3A). Among the three regions tested, we found that the region covered 

by peptide 5 (AA81–100), which corresponds to the central region of the NY-ESO-1 protein, 

is the most immunogenic. To directly address recognition of the NY-ESO-1 protein by 

APCs, MoDCs were pulsed with NY-ESO-1 OLPs and co-cultured with PBMCs from an 

arm B patient (Fig. 3B). We found that pulsed MoDCs induced significant CD4+ T-cell 

responses at the follow-up time point (Fig. 3B), and this response was superior compared 

with PBMCs from the same donor that were expanded with NY-ESO-1 OLPs alone (Fig. 

3C). These results indicated that patient’s MoDCs were able to uptake, process, and present 

NY-ESO-1 peptides to T-cells.

TLR3 polymorphisms in response to NY-ESO-1 vaccination

Several studies suggest a role of single-nucleotide polymorphisms (SNP) within TLR genes 

in susceptibility to cancer and other diseases (32,33). In addition, SNPs might affect the 

impact of vaccines containing TLR ligands (33). We evaluated how polymorphisms in the 

TLR3 gene may influence the immune response to vaccination with antigen plus poly-ICLC 

with or without montanide. In order to analyze polymorphisms for TLR3, we performed a 

germline SNP analysis on each patient at baseline and correlated this with immunologic 
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responsiveness and clinical outcome. The mutation in exon 3 (1234CT) was found in 8 of 12 

(66%) patients in arm A and 4 of 9 (44%) patients in arm B (Table 3). The mutation was 

present in two of the three patients in arm B who had antigen-specific CD8+ T-cell 

responses. For CD4+ T-cell responses, we found the mutation in exon 3 in 7 of 11 (63%) 

patients in arm A and 4 of 8 (50%) patients in arm B (Table 3). However, since the sample 

size is small, we cannot conclude whether the TLR3 polymorphisms might influence or 

enhance the NY-ESO-1-specific CD8+ T-cell cross-presentation when the vaccine was 

delivered in the presence of montanide.

Immune cell infiltration at the vaccine injection site

Immune cell infiltration at the vaccine injection site was determined by IHC. At baseline, an 

increased number of CD4+ T-cells and CD11c+ cells was found in arm B compared to arm A 

group, and that difference was maintained after vaccination (Fig. 4A), being significantly 

higher in patients vaccinated with montanide. A significant increase in total CD3+ 

lymphocyte infiltration as well as B cells (CD20+) was also found at the site of injection in 

arm B (Fig. 4A). We observed that in the absence of montanide (arm A) most of the immune 

cell infiltration was found at the superficial dermis/epidermis-dermis junction, whereas in 

the presence of montanide (arm B) many immune cells were also found in deep areas of the 

dermis (Fig. 4B). This suggests that the inclusion of montanide elicits an inflammatory 

response that spans histologic barriers, potentially enabling interaction with distinct DC 

subsets capable of alternate trafficking and T-cell priming.

Discussion

NY-ESO-1 protein is a self-antigen commonly expressed in human tumors that can 

spontaneously induce both humoral and cellular immune responses in patients with various 

solid tumors, especially melanoma. Immunogenicity of NY-ESO-1 protein in melanoma 

patients as well as in patients with other solid tumors in combination with TLR ligands and 

montanide has been previously reported (19–21) and this combination appears to achieve 

synergistic priming of cellular and humoral immune responses to the antigen. montanide 

might contribute to the immunogenicity of NY-ESO-1 through its slow antigen release 

(depot effect) and recruitment of APCs. However, montanide also drives the accumulation of 

T cells at the local site, and in monkey models was not found to be superior to other 

adjuvants (34). In addition, vaccination of mice with minimal peptides and IFA alone creates 

a sink for effector T cells; however addition of TLR agonists to long peptides and IFA elicits 

potent immune responses (7). On the other hand, IFA-based vaccination induces an inflamed 

vaccination site that recruits and functionally impairs tumor-specific T-effector cells induced 

by anti-CTLA4 blockade therapy, through mechanisms dependent on inflammatory 

monocytes (typically CCL2, CXCR3, IFN-γ, and ICAM-1) (6). TLR agonists such as poly-

ICLC (TLR3), resiquimod (TLR7/8), or CpG (TLR9) have immune adjuvant properties 

because of their ability to activate APCs (35,36). Through activation of APCs carrying 

tumor antigen, such as DCs, TLR signaling can break immune tolerance to tumor-associated 

antigens through expression of co-stimulatory molecules and pro-inflammatory cytokines 

capable of inducing a cellular and humoral immune responses against tumor cells (37,38).
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The combination of montanide and TLR agonists induces both humoral and CD4+/CD8+ 

cellular immune responses (20). We have previously reported trials in which repeated 

vaccination with recombinant NY-ESO-1 protein administered with montanide, and either 

CpG or resiquimod also induced humoral and T-cell antigen-specific responses (21,39). In 

this study, we compared the immunogenicity of TLR agonist alone or in combination with 

montanide. Our study demonstrates that vaccination with NY-ESO-1 administered with 

poly-ICLC and montanide is superior in inducing integrated antibody and CD4+ T-cell 

responses in the majority of the patients, and CD8+ T-cell responses in some patients, 

compared to poly-ICLC alone. Our data also suggest superior immunogenicity compared to 

the resiquimod/montanide combination (21). Although NY-ESO-1 expression on tumor 

specimens was detected in some of the patients, we failed to detect any correlation between 

antigen expression and response to vaccination (Table 3). Although only two patients in arm 

A and one patient in arm B showed serological reactivity to NY-ESO-1 before vaccination, 

after treatment a boost in NY-ESO-1-specific antibody responses was detected in the 

majority of patients in both arms. The response was more pronounced in montanide-

vaccinated patients. Patients with both antigen-specific CD4+ and CD8+ T-cell responses had 

antibody titers at least 3 times higher than in those who did not achieve significant CD8+ T-

cell responses. These data correlate with a previous study, in which we found a correlation 

between NY-ESO-1-specific humoral and CD8+ T-cell responses (39). Fine mapping showed 

that NY-ESO-1-specific antibodies induced by the vaccine were directed mainly towards the 

N-terminal and central region of the NY-ESO-1 protein.

In mice, IFA (which resembles montanide) promoted type 2 cytokine production in response 

to intraperitoneal antigen injection (40). However, the inclusion of poly-ICLC, in 

combination with montanide suppressed Th2 responses favoring Th1 immunity, which is 

more favorable for anti-tumor responses (41). In concordance with this observation, here we 

demonstrated that vaccination with NY-ESO-1 and poly-ICLC with/without montanide 

induced polyfunctional CD4+ and CD8+ T-cell populations, producing IFN-γ, TNF-α, and 

IL-2 in response to antigen rechallenge.

A small fraction of patients vaccinated with montanide exhibited CD8+ T-cell responses 

(37%) compared to only one patient (8%) within arm A. We also observed that patients from 

both arms elicited a wide range of avidities to NY-ESO-1-specific peptides within the CD4+ 

T-cell compartment, and that these avidities were higher when patients had been vaccinated 

with montanide. We found that the region covered by peptide 5 (AA81–100) is the most 

immunogenic, since IFN-γ production by CD4+ T-cells was higher compared to the other 

two peptides (peptide 7 and 17), and montanide may induce higher avidity T-cell responses 

to individual NY-ESO-1 peptides.

Analyzing the immune cell infiltration at the injection site, we found that montanide induces 

mononuclear cell infiltration at deeper areas of the dermis. In previous studies, we 

demonstrated that subcutaneous injection of NY-ESO-1 protein with CpG delivered with 

montanide led to development of antigen-specific antibodies and CD4+ Th1 immunity in 

most of the patients and CD8+ T cell responses in almost 50% of the patients (39). We also 

evaluated the immunogenicity of the NY-ESO-1 protein given in combination with 

montanide s.c with or without topical application of a TLR7 agonist in melanoma patients 
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(21). The majority of the patients developed NY-ESO-1-specific antibodies and CD4+ T-cell 

responses; however, CD8+ responses were observed only in 3 of 12 patients in the cohort 

receiving the antigen, montanide, and a TLR7 agonist (21). After vaccination with the NY-

ESO-1 protein expressed within ISCOMATRIX or with a complex of cholesterol-bearing 

hydrophobized pullulan, fewer than 50% of the patients developed CD8+ T-cell responses 

(39,42,43). Vaccination with OLPs coemulsified with montanide and poly-ICLC, in contrast, 

induced consistent CD8+ T-cell responses in nearly all the patients, favoring cross-

presentation (19). It appears that the inclusion of synthetic long peptides (SLPs) improves 

antigen processing and presentation to both CD4+ and CD8+ T-cells (44). Such SLPs 

harboring CTL and T helper epitopes have induced immune responses (45–47). Based on 

these studies, montanide enhances the induction of integrated immune responses as well as 

cross-priming. In addition to that, the route of adjuvant delivery as well as the type of 

adjuvant affects vaccine efficacy.

By single-nucleotide polymorphism (SNP) analysis, we determined possible associations of 

TLR3 polymorphisms with immune response induced by the NY-ESO-1 vaccine. We found 

that 8 of 12 (66%) patients in arm A and 4 of 9 (44%) patients in arm B carried the 1234CT 

mutation in the TLR3 gene. This 1234CT mutation in TLR3 encodes for an amino acid 

exchange (Leu to Phe) at position 412 and has been associated with different diseases such 

as HIV infection and non-small cell lung cancer (48,49). Previous studies have shown that 

the prevalence of the 1234CT genotype was increased in hepatocellular carcinoma (HCC) 

patients compared to controls (49). In addition, the 1234CT polymorphism was associated 

with hepatitis B virus-infected HCC patients, indicating that this polymorphism could be a 

risk factor for HBV-related HCC (49). This SNP was detected in 2 of the 3 patients in arm B 

who developed CD8+ T-cell responses after vaccination, whereas the other two patients in 

arm B who had this particular SNP did not achieve CD8+ T-cell responses. However, since 

the sample size is very small, we could not assess the correlation between this specific TLR3 

SNP 1234CT and CD8+ T-cell responses induced by this vaccine when it was delivered with 

montanide.

In summary, vaccination with NY-ESO-1 protein and poly-ICLC with or without montanide 

safely induces integrated NY-ESO-1-specific humoral and CD4+ T-cell responses. Both 

regimens were well-tolerated, and at last follow-up, most phase II patients were alive 

without clinical evidence of disease. CD8+ T-cell responses were observed in a subset of 

patients receiving montanide and poly-ICLC; moreover, patients in the montanide arm also 

had a more robust humoral response, indicating that the addition of montanide in cancer 

vaccines may potentiate both T-helper cell function as well as cross-presentation of antigen. 

Given the favorable toxicity profile and immunogenicity of NY-ESO-1 vaccines, future trials 

should consider testing NY-ESO-1 antigen with poly-ICLC and montanide in combination 

with checkpoint blockade immunotherapy in the high-risk resected melanoma patient, as this 

is now standard of care in this setting (2,4,50). In this regard, applying OLP from NY-ESO-1 

which would prime CD8+ T-cells (19,20) may be a superior approach.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Evolution of antibody titers against NY-ESO-1 by ELISA. A. Titer comparisons for NY-

ESO-1 at screening and first follow-up (FU1) time points. B. Titer comparisons for NY-

ESO-1 at different time points over the vaccination period. Arm 1 (n=3): 100 μg NY-ESO-1 

protein emulsified in 1.1 mL montanide ISÄ−51 VG + 0.35 mg Poly-ICLC, Arm 2 (n=3): 

100 μg NY-ESO-1 protein emulsified in 1.1mL montanide ISÄ−51 VG + 0.70 mg Poly-

ICLC, Arm 3 (n=3): 100 μg NY-ESO-1 protein emulsified in 1.1mL montanide ISÄ−51 VG 

+ 1.40 mg Poly-ICLC, Arm A (n=12): 100 μg NY-ESO-1 protein emulsified in 1.40 mg 

Poly-ICLC without montanide ISÄ−51 VG, Arm B (n=10): 100 μg NY-ESO-1 protein 

emulsified in 1.1 mL montanide ISÄ−51 VG + 1.40 mg Poly-ICLC. C. Seroreactivity to 

specific regions of the NY-ESO-1 protein were mapped using 20 mer overlapping peptides 

covering the entire protein.
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Figure 2: 
CD4+ and CD8+ T-cell responses from selected patients throughout vaccination with NY-

ESO-1. A. Representative dot plot showing CD4+ and CD8+ T cell responses (patient 34, 

Arm B). CD4+ and CD8+ T cells were isolated from PBMCs of patients and then stimulated 

in vitro with NY-ESO-1 overlapping peptides. NY-ESO-1-specific T cell responses were 

evaluated by ICS at day 14 (CD8+ T; bottom panel) and day 21 (CD4+ T; upper panel). B. 

Number of NY-ESO-1-specific T cell responders based on the production of IFN-γ by CD4+ 

and CD8+ T cells, during treatment course. C. Quantification of CD4+ and CD8+ IFN- γ+ 

production by intracellular cytokine staining at different time points over the vaccination 

treatment. Arm A (blue), n=12 and Arm B (red), n=9. The time points represent responses 

measured at screening (SCRN), and through different cycles. The CnDx designation refers 

to cycle (C) and day (D) of blood draw.
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Figure 3: 
Recognition of processed NY-ESO-1 protein by vaccine-induced NY-ESO-1-specific T cells. 

A. Avidity of vaccine-induced NY-ESO-1-specific CD4+ T cells, after vaccination (FU) is 

shown. PBMCs from patients in arm A and arm B (2 from each group) were cultured in the 

presence of NY-ESO-1 OLPs for 12 days. On that day, cells were re-stimulated with serial 

dilutions of NY-ESO-1-specific peptides (1 μM-1 nM) (P5, 7, and/or 17) and GolgiPlug as 

well as GolgiSTOP were added after 1h of peptide stimulation. Then, intracellular cytokine 

staining was performed to assess flow cytometry. Percentage of CD4+ IFN-γ+ cells were 

determined at different peptide concentrations; peptides: P5 (AA81–100), P7 (AA119–143), 

and P17 (AA161–180). N=2 (arm A; patient 25 responded against P5 and 7; patient 33 

responded against P5 and 17), n=2 (arm B; patient 27 responded against P5 and 7; patient 35 

responded against P5 and 17). B. Recognition of NY-ESO-1 peptides (OLPs) presented by 

MoDCs. MoDCs from an arm B patient (patient 32) were pulsed with NY-ESO-1 OLPs for 

4 h and then co-cultured with PBMCs isolated from screening and FU time points, or C. 

PBMCs from the same patient were expanded for 10 days in the presence of NY-ESO-1 

OLPs. At day 10, cells were harvested and re-stimulated with MoDCs pulsed with OLPs (1 

μM) and GolgiPlug as well as GolgiSTOP were added after 1h of peptide stimulation. 

Intracellular cytokine staining was performed to assess flow cytometry.
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Figure 4: 
Analysis of immune cell infiltration at the injection site and location of inflammatory cells 

by immunohistochemistry (IHC). Scale bar equals to 200 μm. A. IHC analysis of immune 

cell infiltration was performed for each arm and different markers for specific immune cell 

populations were used, including CD3, CD4, CD8, CD20, and CD11c. 0: No expression of 

the marker of interest, 1: single cells or small clusters (<5 cells together) expressing marker 

of interest, 2: medium size clusters of cells expressing marker of interest, and 3: huge and 

homogeneously positive clusters of cells expressing marker of interest. B. An example of 

lymphocyte infiltration at the injection site by IHC from a patient within arm B. S: only 

inflammatory cells in the superficial dermis/epidermis-dermis junction, D+S: inflammatory 

cells predominantly in deep dermis, but also little in superficial, S+D: inflammatory cells 

predominantly in superficial dermis/epidermis-dermis junction, but also little in deep. * p< 

0.05 and ** p< 0.01.
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Table 1.

Baseline patient demographics and clinical characteristics.

Phase I Phase II – Arm A Phase II – Arm B

Age, Median (Standard Deviation) 67 (13) 50 (14) 57 (16)

Male, n (%) 8 (80%) 7 (58%) 6 (46%)

AJCC Stage, n (%)

IIB 1 (10%) 1 (8%) 1 (8%)

IIC 1 (10%) 0 (0%) 0 (0%)

IIIA 1 (10%) 1 (8%) 2 (15%)

IIIB 2 (20%) 4 (33%) 5 (38%)

IIIC 5 (50%) 4 (33%) 3 (23%)

IV 0 (0%) 2 (17%) 2 (15%)

Prior Therapy, n (%)
Interferon 2 (20%) 2 (17%) 2 (15%)

Radiation 3 (30%) 5 (42%) 3 (23%)

Cancer Immunol Res. Author manuscript; available in PMC 2020 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pavlick et al. Page 21

Table 2.

Toxicity profile.

Grade 1 / 2 Grade 3

n (%) n (%)

Dermatologic – Injection Site

Pain 23 92 - -

Swelling 7 28 - -

Erythema 19 76 - -

Pruritus 12 48 - -

Granuloma 16 64 - -

Ecchymosis 4 16 - -

Cellulitis 1 4 - -

Constitutional

Fever/Chills 17 68 - -

Fatigue 18 72 - -

Malaise 15 60 - -

Musculoskeletal

Myalgias 13 52 - -

Arthralgias 5 20 - -

Neurologic

Dizziness 2 8 - -

Headache 8 32 - -

Insomnia 1 4 - -

Anxiety 2 8 - -

Respiratory/ENT

Cough 5 20 - -

Sore Throat 2 8 - -

Congestion/Coryza 5 20 - -

Gastrointestinal

Abdominal Discomfort 2 8 - -

Nausea 1 4 - -

Loose Bowel Movements 1 4 - -

Cardiac

Coronary Artery Disease - - 1 4
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